Background: It is controversial whether physical activity is protective against first stroke among older persons. We sought to examine whether physical activity, as measured by intensity of exercise and energy expended, is protective against ischemic stroke.
to the optimal amount of physical activity in the elderly to prevent vascular disease. In the Northern Manhattan Stroke Study, a retrospective case-control study of stroke in Northern Manhattan, leisure-time physical activity was found to be protective against ischemic stroke. 12 Our goal was to explore whether physical activity is protective against ischemic stroke in a methodologically more robust prospective study in the same community, thereby avoiding the biases inherent in a retrospective case-control study.
METHODS Recruitment of the cohort. The Northern
Manhattan Study is a population-based prospective cohort study designed to evaluate the effects of medical, socioeconomic, and other risk factors on the incidence of vascular disease in a strokefree multiethnic community cohort. Methods of participant recruitment, evaluation, and follow-up have been previously reported. 13 A total of 3,298 participants were recruited. Inperson evaluations were performed at Columbia University Medical Center or at home for those who could not come in person (6% were performed at home). The study was approved by the institutional review boards at Columbia University Medical Center and the University of Miami. All participants gave informed consent to participate in the study. Cohort evaluation. Data regarding baseline status and risk factors were collected through interviews of participants. Race/ ethnicity was determined by self-identification. Standardized questions were asked regarding the following conditions: hypertension, diabetes, hypercholesterolemia, peripheral vascular disease, TIA, cigarette smoking, and cardiac conditions. Standard techniques were used to measure blood pressure, height, weight, and fasting serum glucose and lipid panels. Hypertension was defined as systolic blood pressure Ն140 mm Hg or diastolic blood pressure Ն90 mm Hg based on the average of 2 blood pressure measurements, physician diagnosis of hypertension, or patient self-report of a history of hypertension or antihypertensive use. Diabetes mellitus was defined as fasting blood glucose Ն126 mg/dL, patient self-report of diabetes mellitus, or insulin and/or hypoglycemic agent use.
Assessment of physical activity. Physical activity was measured by an in-person questionnaire adapted from the National Health Interview Survey of the National Center for Health Statistics. 14 This questionnaire records the duration and frequency of various leisure-time/recreational activities for the 2 weeks before the interview is conducted. The participants were asked whether this level of activity was typical of other weeks. The participants were then asked whether they engaged in any physical activity in the preceding 2 weeks, and those who answered no were coded as physically inactive. For each activity, the participant was asked the duration of activity and the times they engaged in this activity; if the duration of activity was less than 10 minutes, it was coded as "no activity." This questionnaire has been previously reported as reliable and validated in this population, demonstrating a crude concordance rate of 0.69 when proxies of the participants were asked. 12 This same measure also correlated with body mass index, activities of daily living scores, and quality of well-being activity scores. 12 Questionnaires were correlated with compendia of physical activity to allow calculation of energy expenditure in kilocalories, as well as metabolic equivalents (MET) for the intensity of activity. 15 Physical activity can be further classified based on MET as light (between 1 and 5.5 MET, such as golfing or bowling), moderate (5.5-8 MET, such as bicycling or swimming), or heavy activity (Ͼ8 MET, such as racquetball). 15 In the present analysis, we estimated intensity based on the sum of all of the MET for each activity for each individual to account for the entirety of the physical activity that each participant was able to perform. Energy expenditure per week was estimated based on the sum of the MET of each activity times body weight times the number of hours per week it was performed. Objective measures of physical fitness, as measured by exercise and treadmill testing or maximum oxygen uptake, correlate well with physical activity questionnaires. 16 Follow-up of the cohort. All participants were followed up annually via phone screening to detect any new neurologic or cardiac symptoms and events, as well as to review any interval hospitalizations. Any participant who responded positively on screening was scheduled for an in-person assessment. Neurologic Data are mean Ϯ SD or n (%). *Moderate alcohol use ϭ 1 to 2 servings of alcohol per day. †Hypertension ϭ systolic blood pressure Ն140 mm Hg or diastolic blood pressure Ն90 mm Hg based on the average of 2 blood pressure measurements, physician diagnosis of hypertension, or patient self-report of a history of hypertension or antihypertensive use.
‡Diabetes mellitus was defined as fasting blood glucose Ն126 mg/dL, patient self-report of diabetes mellitus, or insulin and/or hypoglycemic agent use.
events that were deemed to be possible strokes were adjudicated by 2 neurologists independently after review of all data. The final diagnosis and stroke subtype were decided by consensus of the 2 neurologists; any disagreements were adjudicated by a third neurologist. Ischemic strokes were classified as extracranial atherosclerotic, intracranial atherosclerotic, small vessel (lacunar), cardioembolic, cryptogenic, or other. 17
Statistical analysis.
Cox proportional hazard models were used to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between physical activity and ischemic stroke. The parameter estimates were calculated unadjusted, and after adjusting for demographics (age, sex, race/ethnicity, and education) and vascular risk factors (hypertension, diabetes mellitus, and smoking). 18 Parameter estimates and standard errors were calculated for physical activity using energy expenditure in kcal/wk as a continuous variable per 500-unit increase. Models were also constructed using physical activity as a categorical variable with no activity as the reference group, and comparing in separate models 1) any activity and 2) light intensity and moderate to heavy intensity. The likelihood ratio test was used to test for improved model fit when interaction terms were positive.
RESULTS
Baseline demographics of the cohort are presented in table 1. The average age was 69.2 Ϯ 10.3 years, and 62.9% were women; 54.2% of the cohort was Hispanic, 25.0% was non-Hispanic black, and 20.8% was non-Hispanic white. Physical inactivity was common in the cohort (40.8% overall) but differed by race/ethnicity. Hispanics were more likely to be physically inactive (48.4%) and less likely to engage in moderate-to heavy-intensity activity (14.6%) compared with whites (30.7% were physically inactive, 28.2% participated in moderate-to heavy-intensity activity). There were significant differences by sex in the baseline physical activity characteristics as well. Women were more likely than men to be physically inactive (43.3% vs 36.5%) and to engage less in moderate-to heavy-intensity activities (table 2) . Subjects were followed up for a median of 9.1 years, and there were 238 incident ischemic strokes. Any physical activity, compared with no activity, was not associated with ischemic stroke in univariate or multivariable analyses (adjusted HR 1.16, 95% CI 0.88 -1.51). In univariate analyses of levels of activity, moderate to heavy physical activity, compared with no physical activity, was associated with a lower risk of ischemic stroke (unadjusted HR 0.65, 95% CI 0.44 -0.95), whereas light-intensity activity was not (unadjusted HR 0.97, 95% CI 0.74 -1.28). In a model adjusting for sociodemographic factors (age, sex, race/ethnicity, insurance status, and education), the association with moderate-to heavy-intensity activity remained (adjusted HR 0.57, 95% CI 0.38 -0.85). The association between ischemic stroke risk and moderate to heavy activity was slightly attenuated but remained significant after also including hypertension, diabetes, alcohol use, and tobacco use (adjusted HR 0.65, 95% CI 0.44 -0.98). Lightintensity activity was not associated with the risk of ischemic stroke in any of the multivariable models. When we compared moderate to heavy activity with no activity and light-intensity activity combined, our results were not appreciably different (fully adjusted HR 0.68, 95% CI 0.46 -0.99; table 3).
We found evidence of an interaction between moderate to heavy activity and sex ( p value for interaction term ϭ 0.04), indicating that moderate to heavy activity was associated with a protective effect against ischemic stroke in men (adjusted HR for men 0.37, 95% CI 0.18 -0.77), whereas there was no ev- idence of an interaction between light activity and sex ( p value for interaction ϭ 0.30). In addition, the likelihood ratio test showed that the model with those interaction terms improved the fit ( 2 with 2 degrees of freedom, p ϭ 0.02), suggesting that there are sex differences in the effect on ischemic stroke. There was no evidence of interactions with race/ ethnicity, age, or tobacco use. We also examined whether physical activity as measured by kcal/wk expended was associated with a lower risk of ischemic stroke. In univariate (HR per 500 kcal/wk 1.01, 95% CI 0.98 -1.03) and multivariable models adjusting for sociodemographics and medical risk factors, kcal/wk as a continuous variable was not associated with ischemic stroke risk (adjusted HR per 500-kcal/wk unit increase 1.01, 95% CI 0.99 -1.03; table 4). Prior literature indicates that energy expenditure may only be protective against ischemic stroke in those individuals who engage in physical activity that is more vigorous. 11 We found evidence for effect modification based on our defined cutoff for moderate to heavy intensity of 5.5 MET in univariate analysis ( p value for interaction term ϭ 0.03) and a trend in fully adjusted models ( p value for interaction term ϭ 0.09). In stratified models, energy expended was not associated with a lower risk of ischemic stroke among individuals who engaged in moderate-to heavy-intensity activity (adjusted HR per 500 kcal/wk 0.99, 95% CI 0.95-1.02). There was no evidence of interaction with sex, age, race/ethnicity, or tobacco use in these models. DISCUSSION We found that engaging in moderate-to heavy-intensity physical activity (such as jogging, tennis, or swimming) was associated with a lower risk of ischemic stroke, but that light activity (such as walking) was not. Only 19.7% of our participants engaged in moderate-to heavy-intensity activity. We also found that the protective effect of moderate-to heavy-intensity activity was only present for men. There was a possible dose-response relationship, with a weak trend toward a protective effect in the light-intensity category and a stronger effect for the moderate to heavy activity.
One possible explanation for physical activity being protective against ischemic stroke is its modulation of conventional medical risk factors. The protective effect of physical activity, however, remained after adjusting for these medical comorbidities. We cannot exclude the possibility of residual confounding, however. Physical activity has independent health benefits through modulation of inflammation, endothelial function, and vascular reactivity. 19 Our analyses provide evidence that the intensity of physical activity is more strongly protective than the absence of activity or the calculated energy expended. Our finding that the protective effect of energy expenditure is modified by intensity of physical activity has been noted in prior studies. 11 One possible explanation for intensity modifying the protective effect of energy expenditure relates to the manner in which the exposure was measured. We used a self-report questionnaire, and participants may have been better able to recall the actual amount of physical activity they performed depending on the intensity of activity they chose or could engage in.
Our results were notable for the presence of an interaction between moderate to heavy activity and sex. We found that the protective effect of physical activity was only present in men, a finding also noted in the Framingham Study. 9 Observational studies among men have found protective effects of physical activity. 11, 20, 21 Women were more likely to be physically inactive in our study, a phenomenon noted in prior studies starting from young adulthood, 22 and our study may therefore be underpowered to detect more subtle protective effects among women. Alternatively, competing causes or unmeasured confounders, such as dietary patterns in men vs women or the use of hormone therapy in more active women, 23 may be masking the association.
Our prospective study results are contrary to some other studies, including our earlier case-control study, which found that even engaging in light- intensity activity, such as leisure walking, reduces the risk of ischemic stroke. 5, 12, 21, 24 It is plausible that stroke cases in our case-control study underreported light physical activity (i.e., recall bias). In the Nurses' Health Study and the Women's Health Initiative Observational Study, even mild intensity activity as measured by walking was associated with a reduction in stroke risk. 25, 26 These studies included smaller proportions of Hispanics and blacks and had large sample sizes. The women in our study were more likely to be older, nonwhite, overweight, and diabetic and to have less than a high school education. Given our smaller sample size, the study also may have been underpowered to detect more subtle differences in the light-intensity activity group. In the Atherosclerosis Risk in Communities Study, leisure-time physical activity (as measured by the Baecke questionnaire) was not found to be protective against ischemic stroke overall, and there was no evidence of effect modification by sex. 7 Our study used a different instrument to measure physical activity, and it included Hispanics and a higher proportion of subjects with diabetes. Our cohort is also older compared with others in which both intermediate and heavy activity were protective against stroke. 8 We did not analyze stroke mortality, which some have found to be reduced in more physically active individuals, 6 whereas others have not. 27 This analysis has some important limitations. We did not assess occupational physical activity in a large proportion of the cohort; the majority of our participants, however, were retired. We used a self-reported physical activity questionnaire, which may be subject to information bias due to misclassification. In a prior analysis, our study had found a good correlation between physical activity reported by participants and their family, making this less likely. We also did not include in this analysis trends over time in the physical activity pattern of our participants. Our study also did not include more objective measures of fitness, which others have found to be protective, and which may be less influenced by known or unmeasured confounders. [28] [29] [30] The differences between prior studies of objective measures and our own may be due to misclassification or to an actual difference in our population. Our questionnaires may allow subjects to accurately recall what type of activity they perform, but perhaps not the frequency or duration of various activities. Future studies using objective measures of fitness in older, urbandwelling, and nonwhite populations are required to help address this difference.
Finally, the intensity of physical activity that our participants engaged in may not be related to choice as much as ability. In older populations, the ability to engage in more physically intense activities may be more indicative of overall well-being or the absence of frailty. 31 Conversely, the protective effects of physical activity may have been related to prevention of frailty, which has been reported to be an important cardiovascular disease risk factor in the elderly. 32, 33 Our study did not collect information often used to ascertain frailty, such as walking speed, slowness, or weight loss. 34 Nonetheless, our study has important public health implications and adds to the body of literature on the multiple health benefits of exercise even in older individuals. 3, 35 Engaging in moderate to heavy activities may be an important component of primary prevention in populations such as ours. Physical inactivity was very common in our cohort and it is likely to be so in other elderly urban dwellers, living within a constricted space, who are also likely to be socially isolated. Interventions targeted to highrisk populations such as ours to improve physical activity continue to be important.
